With increase in mean aortic pressure from 111 to 183 mm Hg at room temperature of 22-27 C, SNA to the skin was reduced to 88% of the control level, whereas SNA to the kidney decreased to the noise level. When the skin was cooled bv bath water of 10-l 5 C, baroceptor-independent SNA to the skin increased above the precooling level, whereas baroceptor-dependent SNA to the kidney varied, depending on two inputs. Inhibitory effects of sodium pentobarbital on SNA to the skin were greater than those on SNA to the kidney.
In both the skin and renal nerves, the mean diameter of the unmyelinated fibers was 0.75 and 0.64 p, respectively.
SNA to the skin and kidney was inhibited by hexamethonium bromide (ganglion blockade). It is concluded that both the skin and renal nerve activities are postganglionic sympathetic discharges, but the major parts of the skin nerve activity controlling skin temperature are composed of baroceptorindependent components, whereas those of the renal nerve activity are made up of baroceptor-dependent components.
baroceptor independent activity; cooling of the skin; sodium pentobarbital STUDIES on the sympathetic nerve activity (SNA) to the skin in response to baroceptor and thermoreceptor inputs could provide data of pertinence to efferent signals that are responsible for the regulation of arterial blood pressure and body temperature./ Baroceptor reflex effects on SNA to such visceral organs as the heart, kidney, spleen, and stomach have been studied by many investigators (2, 6, 9, 12, 15, 17, 18) . The response of SNA to baroceptor inputs is quantitatively nonuniform in these visceral organs ( 17, 18) . The response of resistance vessels in the skin, muscle, and splanchnic beds to baroceptor inputs is not uniform ( 1, 9, 11, 13) . It can be suggested that responses of the skin nerve activity to baroceptor inputs differ either quantitatively or qualitatively when compared with those of the visceral nerve activity. However, very little is known about the baroceptor control of SNA to the skin vessels.
The sympathetic system controlling the skin vessels plays a fundamental role in the regulation of body temperature. Reflex vasoconstrictions within the skin vascular area are known to occur in response to cooling of the skin (7, 19) and spinal cord ( 14) . The efferent discharges in the skin nerves are increased by cooling of the spinal cord (20) . These results suggest that the skin nerve activity would be increased reflexly by skin cooling. The question to be answered is whether SNA controlling the skin vessels during cooling is specific for the regulation of body temperature and is independent of baroceptor inputs. In this study, the skin and renal nerve activities were measured simultaneously under various conditions in anesthetized cats. A preliminary communication of some of these data has been presented ( 16).
METHODS
Twenty-one cats ( 1.6-4.0 kg) were used in this study. was injected. Additional doses (2-5 "g/kg) of sodium pentobarbital were administered intravenously through a catheter inserted in the right femoral vein whenever painful responses were detected. Efferent nerve discharges were recorded from the skin and renal nerves simultaneously in 21 cats. The skin including the superficial vessels and nerves was partially separated at the subcutaneous tissue of the posterolateral abdominal wall from the superficial fascia, and then the skin edges were raised by sutures to form a paraffin pool. In the paraffin pool the skin nerve bundle (0.05-0.2 mm in diameter and 3-5 cm in length) was isolated from a plexus near the superficial vessels (0. All experiments were performed in an air-conditioned room with the temperature maintained from 22 to 27 C. Thirteen cats were placed in a perfusion box in order to cool or warm the skin moderately.
The temperature of bath water ranging from 10 to 35 C and rectal temperature ranging from 31 to 37 C were monitored continuously by means of an electrothermometer (type MVR 5, Kyoto Densi Kenkyusho).
In this study, systemic arterial blood pressure was increased by administration of norepinephrine or by occlusion of the thoracic descending aorta. After the physiological experiments, recording sites of both renal and skin nerves were surgically removed and fixed in 3 % glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, for about 12 hr and nerve tissues were washed with the same buffer solution for about 40 min. Tissue blocks were postfixed in 1% 0~04 in pH 7.3 S-collidine buffer for 1 hr. Blocks were then dehydrated in a graded series of ethanolwater mixtures (50, 80, and 95 %) briefly and transferred to 100 % alcohol for 5 min and again to 100 % alcohol for 10 min. Following two changes of propylene-oxide ( 15 and 10 min), tissues were immersed in SO/50 propyleneoxide-Epon 8 12 mixture for about 18 hr, embedded in Epon 8 12 mixture at 60 C, and left overnight.
For light microscopy, sections (ZOO-300 rnp in thickness) were stained with 0.5 % toluidine blue in 0.5 % borate solution.
For electron microscopy the thinner sections (about 900 A in thickness) were stained with lead hydroxide (according to Millonig's method) and then observed under a Hitachi HU-7S electron microscope.
RESULTS

Eferent Discharge Patterns in Skin Nerve
Skin and renal nerve activities were recorded simultaneously with aortic pressure in 21 cats under spontaneous and artificial respiration.
An example of the original neurograms is shown in Fig. 1A . In many cases, the absolute magnitude of efferent discharges was smaller in the skin nerve than in the renal nerve at room temperature of 22-27 C. Factors responsible for this smaller amplitude in the skin nerve activity will be discussed later. In all 21 dats studied, grouped discharges synchronous with cardiac cycle and its respiratory modulation were observed in the renal nerve, but the skin nerve activity showed a continuous or a fluctuating pattern with various time courses (e.g., Fig. 1B ). In only 3 of 2 1 cats respiratory modulation of the skin nerve activity was observed under spontaneous respiration. However, when the airway was obstructed by clamping of the air tube or when artificial ventilation was stopped, respiratory modulation of the skin nerve activity tended to appear in many instances. After the cessation of respiration, the skin nerve activity was 257 initially inhibited to the noise level, whereas the renal nerve activity was still higher than the control level.
In a given cardiac cycle discharge patterns of the neurogram differed significantly between the skin and renal nerves (Fig. 1) (Fig. 2) . In 25 of 28 examples, grouped discharges were detected in the renal nerve but not in the skin nerve ( Fig. 2A) . In three other examples grouped discharges were clearly observed in both the renal and skin nerves (Fig. 2B ), but the magnitude of grouping in the skin nerve activity was small when compared to that of the renal nerve activity. Moreover, the timing of the peak activity in the skin nerve lagged behind that of the renal nerve by 125 msec (mean). The longer delay time in the skin nerve may partly be due to the longer length of the postganglionic fiber in the skin nerve than in the renal nerve (17). Baroceptor Reflex E$ects on Eferent Discharges to Skin In I'L cats, with 4 major baroceptor anerent nerves intact,
----sympathetic nerve activity to the kidney and skin was measured simultaneously before and after administration of norepinephrine (mean = 12 &kg, range = 7-33 pg/kg, iv). In Fig. 3A intravenous administration of norepinephrine increased the aortic pressure, which in turn inhibited the renal nerve activity to the noise level (below 3 pv). This type of response in the renal nerve activity was observed in all 31 experiments.
In contrast, the skin nerve activity (MSkNA in Fig. 3 ) was initially inhibited slightly, but thereafter it tended to recover even when the renal nerve activity was still inhibited to the noise level. This type of response was observed in 12 of 3 1 experiments obtained from 12 cats. In 14 experiments the skin nerve activity decreased below the initial control level during high blood pressure. In the remaining five experiments, the skin nerve activity tended to increase above the control level by some unknown mechanism.
Absolute values of SNA (gv) varied among the different experiments (Figs. 1, 2, and 3). In each experiment the control value of SNA recorded at room temperature of 22-27 C was arbitrarily set at lOO%, and the relative magnitude of SNA was measured at the highest blood pressure for statistical analysis (Table  1) . When the mean aortic pressure was increased to 183 & 4 mm Hg from 111 rf~ 2 mm Hg, only 12 =t 3 % of the skin nerve activity was inhibited, whereas the renal nerve activity was inhibited to the noise level. Therefore, it was found that the remaining 88% of the skin nerve activity was composed of baroceptor-independent components.
Occlusion of thoracic descending aorta.
When the thoracic descending aorta was occluded, the renal nerve activity was always inhibited to the noise level due to elevation of the bilateral carotid sinus pressure and aortic arch pressure, Exp. No,   I  135  200  2  98  2  130  210  2  138  3  107  173  5  106  4  113  187  3  101  5  110  173  13  103  6  112  170  15  96  7  110  150  3  54  8  85  153  2  104  9  100  130  2  74  10  90  168  1  64   I1   105  170  1  69  12   90   140  20  96  13   90   160  16  89  14   100   175  21  77  15  125  164  3  87  16  113  207  2  80  17  105  188  3  91  18  120  209  2  91  19  120  200  2  94  20  130  197  2  96  21  115  209  2  73  22  104  177  4  67  23  103  193  2  77  24  98  193  2  66  25  98  173  2  84  26  120  207  5  117  27  125  \ 217  6  loo  28  130  227  4  96  29  125  190  2  102  30  125  193  2 The response curves to during occlusion (e.g., Fig. 3 .B and ype A in Table 2 ). An occlusion were classified into four major patterns according example of the frequent pattern of response curves is shown to their shape from the analysis of 17 1 trials in 8 cats ( Table 2 ). In 36 trials, the skin nerve activity decreased temporarily at onset of occlusion, but rapidly recovered and then exceeded the initial level (ype C in Table 2 ). In the remaining 15 trials, the skin nerve activity decreased below the initial level (type D in Table 2 ).
Increase in the skin nerve activity against the baroceptor inputs was observed in 72 % of the 17 1 trials (types B and C in Table Z) , whereas the renal nerve activity remained at the noise level during occlusion of the thoracic descending aorta. This reversed response in the skin nerve activity to occlusion of the thoracic descending aorta was also observed in three cats studied, even when the vagoaortic nerves were sectioned at the cervical level (e.g., Fig. 4B and I, 2, and 5 in Fig. 5 ). Bilateral vagotomy did not modify the increase in the skin nerve activity during occlusion of the thoracic descending aorta.
Occlusion of common carotid arteries. In three cats, the common carotid arteries were occluded before and after bilateral vagotomy.
With occlusion of the common carotid arteries, aortic pressure and renal nerve activity were increased above the initial values, but increase in the skin nerve activity was not detected (e.g., Fig. 5, at bar) . Similar responses were observed in two other cats. Carotid occlusion under bilateral vagotomy (open loops) did not modify the increase in the skin nerve activity during occlusion of the thoracic descending aorta, whereas inhibition in the renal nerve activity during occlusion of the thoracic descending aorta was reduced significantly (3 and 4 in Fig. 5 ) or disappeared. These findings suggestdhat both the baroceptor and chemoreceptor effects on the skin nerve activity through the four major afferent pathways were negligibly small compared with those on the renal nerve activity.
Origin of Skin Nerue Activity
Effects of administration of ganglion blockade. Under vagotomized condition aortic pressure was increased by administration of norepinephrine in five cats. In Fig. 6 the skin nerve activity was approximately the same at both control and high blood pressure levels, even when the renal nerve activity was inhibited below the control level. With intravenous administration of hexamethonium bromide, both the skin and renal nerve activities were inhibited gradually as the doses were increased stepwisely by increment of 0.2 mg/kg.
Finally, the skin nerve activity independent of baroceptor inputs was inhibited to the noise level with total doses of less than 1 mg/kg of hexamethonium bromide, whereas the renal nerve activity was still observed. In six cats studied the blocking effect of hexamethonium bromide on the tonic skin ncrvc activity was greater than that on the renal ncrvc activity (e.g., Figs. 6 and 7) . Furthermore, increase in the skin nerve activity during occlusion of the thoracic descending aorta was reduced by administration of hcxamcthonium bromide (Fig. 7B) , and finally it \vas complctely blocked with added doses of hexamcthonium bromide. In three other cats studied, similar results were obtaincd.
fZisslologica/ s/u&s. In four cats after recording the nerve activity, both the skin and renal nerves at the recording sites wcrc cxciscd for histological studies. An example of light and clcctron microscopic pictures of the skin and renal nerves is shown in Fig. 8 . The light microscopic picture shows that the major parts of the renal nerve were unmyclinatecl fibers, whcrcas the major parts of the skin nerve wcrc likely myclinatcd fibers with large diameter. However, the clcctron microscopic picture indicates that the skin nerve contains manv unmvclinatcd fibers. e.g.. the insert of Fit. 8. A histogram of the diamctcr of unmyclinated fibers obtained in two nerves is shown in Fig. 8 . The mean diameter of unmyelinatcd fibers was 0.75 and 0.64 p in the skin and renal nerves, respectively, showing no significant diflerence (P < 0.05). In many instances, the absolute magnitude of the skin nerve activity (pv) was smaller than that of the renal nerve activity (Figs. 1, 2, and 4) . These findings indicate that the skin nerve activitv recorded in this studv originated from unmyelinated fibers instead of myelinated fibers, even though the response patterns to various stimuli differed from those of the renal nerve activity.
Factors Influencing Baroceptor-Independent Postganglionic Sympathetic Nerve Activity to Skin Efects of skin tempera&ire on SNA. In eight cats studied, more than half of the body surface (right side) was immersed in bath water of 32 =t 0.5 C. All data are shown in Table 3 . In each of 17 experiments the control value of SNA recorded at bath temperature of 30 to 37 C was arbitrarily set at 100 %, and the relative change of SNA was measured during cooling of the skin. When the temperature of bath water was reduced rapidly to 16 rfc 0.3 C, 111 =t 37 % of the skin nerve activity was increased above the precooling level with various time courses. During cooling both systolic and diastolic aortic pressures were increased to 149 =t 5/ 110 =t 5 mm Hg from 135 =I= 5/99 & 5 mm Hg. On the other hand, the response of the renal nerve activity to cooling of the skin varied qualitatively and quantitatively among the different experiments (Table  3 ). In 9 of 17 experiments, the renal nerve activity remained unchanged or was slightly increased. However, in the remaining eight experiments more than 10 % of the renal nerve activity was decreased with cooling of the skin. As a result the reduction of renal nerve activity was -8 =t 3 % of the initial level in response to cooling of the skin (Table 3) .
During cooling grouped SNA synchronous with cardiac cycle was observed in the renal nerve, but it was difficult to detect in the skin nerve even though the tonic skin nerve activity increased approximately 2 times above the precooling level. To determine more precisely the interrelation between the thermoreceptor inputs and baroceptor inputs on the skin nerve activity, the thoracic descending aorta was occluded at different temperature of bath water (e.g., Fig.  9 ). At low bath temperature (range lo-20 C) the tonic skin nerve activity was increased, but the major parts of this increased nerve activity were not inhibited by baroceptor inputs due to elevation of the bilateral carotid sinus pressure and aortic arch pressure induced by occlusion of the thoracic descending aorta, whereas the renal nerve activity was inhibited to the noise level. These findings show that the major parts of the skin nerve activity increased by skin cooling were independent of baroceptor inputs. In contrast, the renal nerve activity was changed mainly by baroceptor -yO Change During Cooling inputs and to a lesser degree by thermoreceptor inputs due I to cooling of the skin.
SkNA RNA Efects of sodium pentobarbital on SNA. In all five cats studied, with additional injections of sodium pentobarbital (2-5 mg/kg, iv) the skin nerve activity was reduced significantly for an extended period (in some cases more than 180 min), whereas the renal nerve activity was reduced slightly for a brief period (less than 1 min), e.g., Fig. 5 . When the dose of sodium pentobarbital was decreased, the renal nerve activity tended to increase during the low pressure period, whereas the skin nerve activity was reduced below the initial level (Fig. 10) . As shown in Table 4 , with administration of sodium pentobarbital ( l-3 mg/kg, iv) -58 =t 9 % of the tonic skin nerve activity was decreased, whereas 14 rt 7 % of the renal nerve activity was increased. These findings suggest that the depressant effect of sodium pentobarbital on the skin nerve activity was greater than that on the renal nerve activity.
However, with this small dose of sodium pentobarbital, the increase in the skin nerve activity during occlusion of the thoracic descending aorta was not so depressed as compared with the tonic skin nerve activity (e.g., Fig. 5 The present study shows that the tonic sympathetic activity in the nerve distributed to the skin of the abdominal, lumbar, and gluteal regions could be recorded at room temperature of 22-27 C. This tonic activity is in agreement with the data obtained in the cervical nerve distributed to the skin of the head, neck, and ear ( 10, 20) . From previous studies (5, 7) we have assumed that vasodilator and sudomotor activities were not contained in the skin nerve activity, which was recorded at or below room temperature of 22-27 C. Since we could not discriminate the pilomotor activity from the vasomotor activity to the skin vessels, the increased skin nerve activity recorded during cooling of the skin may be composed partially of the pilomotor activity. We have not measured simultaneously the local blood flow and nerve activity. In spite of these limitations, from the analysis of responses to ganglion blockade, cutting of the vagal nerves, and skin cooling, it is assumed that the efferent discharges of skin nerves recorded in this study represent a postganglionic sympathetic activity, which controls mainly the skin vessels at or below room temperature of 22-27 C. Such tonic nerve activity controlling the skin vessels was expected by many investigators who measured the blood flow through the skin following division, blocking by drugs, or electrical stimulation of the sympathetic nerve fibers (3, 7, 19) .
In many cats, the absolute magnitude of the skin nerve activity varied among the different experiments and was smaller than that of the renal nerve, even though the mean diameter of unmyelinated fibers of the skin was approximately the same as that of the renal and gastric nerves ( 18). This small amplitude of integrated skin nerve activity may be due to the sodium pentobarbital effect, room temperature, and different composition of recorded nerves. In this study all the data were collected under sodium pentobarbital anesthesia (30-35 mg/kg, ip). The frequency of discharge in the skin nerve was depressed more by sodium pentobarbital than that in the renal nerve (Figs. 5 and 10) . At room temperature of 22-27 C, the frequency of discharge was lower in the skin nerve than in the renal nerve due to low cold receptor inputs. Since the skin nerve contains many myelinated fibers composed of afferent components (Fig. S) , the number of active fibers in a given nerve bundle may be decreased and the interelectrode resistance for a given fiber may be reduced by a short circuit through the inactive afferent fibers.
Previous studies indicate that the grouped SNA synchronous with heart beat observed in the renal, splenic, and cardiac nerves were induced by baroceptor reflexes through four major afferent pathways (2, 6, 9, 15, 17) . Also, pulsesynchronized discharges were demonstrated in the muscle (8) and cutaneous nerves (20). The foregoing results suggest that the sympathetic fibers innervating the somatic organs as well as the visceral organs are under baroceptor control. However, data obtained from the analysis of 2,800 cardiac cycles showed that grouped SNA synchronous with cardiac cycle is not the dominant pattern in the skin nerve as compared with that in the renal nerve at various heart rates, aortic pressures, and bath temperatures. This is supported by the finding that only the minor parts of SNA to the skin are inhibited by baroceptor inputs through four major afferent pathways in response to elevation of bilateral carotid sinus pressure and aortic arch pressure (Figs. 3, 4 , and 9 and Tables 1 and 2) .
A previous study demonstrated that the gastric nerve activity contained approximately 80 % of baroceptor-independent components, which are partially related to gastric motility ( 18). The present study indicates that at room temperature of 22-27 C more than 88% of the skin nerve activity is independent of the baroceptor inputs. Although the percentage of baroceptor-independent components was modified by anesthetic level and environment temperature (Figs. 5, 9 , and 10 and Tables 3 and 4), this is in agreement with the conclusion that the blood vessels of the skin are largely excused from participating in baroceptor reflexes ( 7). Recently it was suggested that the capacitance vessel of the skm was independent of baroceptor inputs (l), but the resistance vessel of the skin was dependent on baroceptor inputs (4). We measured the skin nerve activity from a plexus near the superficial artery and vein of the skin. Therefore, it cannot be determined whether the skin nerve activity independent of baroceptor inputs is distributed mainly to the vein of the skin, whereas the skin nerve activity dependent on baroceptor inputs is distributed to the artery of the skin.
It has been shown previously that the skin nerve activity was increased by spinal cord cooling (20). In the present study the skin nerve activity was also increased by skin Fig. 9 and Table 3 ). This increased skin nerve activity was not inhibited by baroceptor inputs. It is con-'eluded that the major parts of sympathetic nerve activity controlling the skin blood flow for heat exchange are independent of baroceptor inputs. Moreover, this baroceptorindependent and cold receptor-dependent sympathetic nerve activity to the skin was influenced significantly by sodium pentobarbital. These findings suggest that the baroceptor-independent SNA to the skin may be influenced directly from the higher central nervous system (e.g., hypothalamus)
or from different neuronal pools at the medullary and spinal level. In contrast, the major parts of SNA to the kidney were baroceptor dependent, confirming the previous studies ( 15, 17, 18) . During cooling of the skin and spinal cord (ZO), arterial blood pressure was slightly increased. Both systolic and diastolic aortic pressures were increased during cooling of the skin (Table  3 and Fig. 9 ). The increase in arterial blood pressure caused reflexly an inhibition of the renal and splenic nerve activity (6, 12, 17, 18) . The variation of responses including the reverse changes in the renal nerve activity to cooling of the skin could be explained by the additive interaction of thermoreceptor and baroceptor inputs. Previous study indicates that there is an additive interaction of baroceptor inputs and hypothalamic stimulation on the renal nerve activity (21). The reverse phenomenon was observed in 8 of 17 experiments in the present study. Decrease in the splenic nerve activity in response to direct spinal cord cooling was also demonstrated in 13 out of 18 cats (20). Further study should be made of the factors responsible for such variation of visceral nerve activity in responseto cooling. The present study suggests at least that the major part of SNA to the skin is concerned with thermoregulatory blood flow independent of baroceptor reflexes and that only a residual part of the SNA is concerned with these reflexes. No conclusion is drawn, however, as to the final effects of this nerve traffic at the vessel level. In contrast, SNA to the kidney plays a major role in regulating reflexly the aortic pressure. 
